Over 50% of patients with diabetes mellitus, either type 1 or 2, ultimately develop hypertension as a complication. In diabetics, this further increases the incidence of cardiovascular disease (CVD) by 2-to 3-fold and accelerates the progression of diabetic nephropathy. Arteriosclerosis, a clinical feature of hypertension in diabetics, develops and advances from a young age. Therefore, in providing treatment, it is necessary to evaluate the degree of arteriosclerosis. Diabetic patients are encouraged to strictly control their blood glucose levels. Recently developed drugs, such as GLP-1 receptor agonists, DPP-4 inhibitors and SGLT2 inhibitors, also have hypotensive actions, making them ideal for use in diabetics with hypertension. SGLT2 inhibitors and GLP-1 receptor agonists reportedly suppress the onset and progression of CVD, as well as diabetic nephropathy. The possibility of hypoglycemia triggering blood pressure elevation and arrhythmia has been noted, so a key point here is not to cause hypoglycemia. In selecting hypotensive agents, we must choose types that do not aggravate insulin resistance and engage in hypotensive treatment that also considers both nocturnal and morning hypertension. In addition, facing the onset of an aging society, there is a growing need for treatments that do not cause excessive blood pressure reduction or hypoglycemia. Favorable lifelong blood pressure and glucose control are increasingly important for the treatment of diabetes accompanied by hypertension.
Introduction
It is well known that over 50% of patients with diabetes, either type 1 or type 2, ultimately develop hypertension in combination. Hypertension as a complication in diabetics further increases the incidence of cardiovascular disease (CVD) by 2-to 3-fold, which is elegantly summarized in another article in this Review Series [1] . In addition, hypertension as a complication increases the progression of diabetic nephropathy. This article will focus on the clinical features of hypertension in diabetic patients and compile and summarize past findings while citing Japanese clinical results as much as possible.
Cause of death in diabetics
In diabetics, not only are characteristic microvascular disorders triggered, but the advancement of arteriosclerosis also increases the frequency of CVD, including macrovascular disorders, such as cerebrovascular disorders and heart disease. The Japan Diabetes Society has been investigating the cause and mean age of death of diabetic patients every decade. The latest investigation, which studied 45,000 subjects from 2001 to 2010, [2] showed that malignant neoplasms accounted for 38.3% of all deaths, followed by infection at 17.0% and vascular disease at 14.9% (chronic renal failure: 3.5%; ischemic heart disease: 4.8%; and cerebrovascular disorders: 6.6%). Deaths due to CVD have been decreasing in a time-line manner, from 41.5% between 1971 and 1980, to 39.3% between 1981 and 1990, and 26.9% between 1991 and 2000. Moreover, the average age of death in diabetics between 2001 and 2010 was 71.4 years for men and 75.1 years for women, showing that, similar to the general population, lifespan is showing a tendency to increase every year. However, compared to the average lifespan of the general healthy population of 79.6 years for men and 86.3 years for women, there is a difference of 8.2 years for men and 11.2 years for women. Despite advancements in medicine over the past several decades, these differences have not narrowed much. Since 1998, diabetic nephropathy has consistently been ranked the leading cause requiring the initiation of hemodialysis. Approximately 44% of the 34,000 patients who newly began dialysis treatment in 2015 suffer this disease. Although the pace of increase has slowed, the number is still growing [3] .
In the US, similar to other countries, a report has been published on the changes over time in the frequency of complications in diabetics from 1990 to 2010 [4] . According to this report, the incidence of acute myocardial infarction has decreased by 67.8%, from 141.1 per 10,000 individuals in 1990 to 45.5 per 10,000 individuals in 2010, and that of stroke by 52.7%, from 111.8 to 52.9 per 10,000 individuals. The number of deaths from hyperglycemic emergencies decreased by 64.4%, from 4.2 to 1.5 per 10,000 individuals. By contrast, those dying from end-stage renal failure decreased by only 28.3%, from 27.9 to 20.0 per 10,000 individuals. As observed, the onset of CVD and deaths observed in diabetics are dramatically decreasing in the US. One reason for this may be the progress in the treatment of diabetes and hypertension during this period [5] . Compared to 1999, the rate of meeting the blood glucose control goal of "HbA1c < 7.0%" in 2010 increased by 7.9%, from 44.3 to 52.3%; the rate of meeting the blood pressure control goal of "blood pressure <130/80 mmHg" increased by 11.7% from 39.6% to 51.3%; and the rate of meeting the lipid control goal of "LDL-cholesterol < 100 mg/dL" increased by 20.8%, from 36.0 to 56.8%. However, the share of smokers has dropped only by 1.7%, from 24.0 to 22.3%, and only 14.3% of the subjects met all the control goals (blood glucose, blood pressure, and cholesterol) and also quit smoking. These goals remain a challenge.
The impact of hypertension on microvascular disorders
Hypertension accelerates the progression of diabetic nephropathy It is well known that patients with diabetes, particularly type 1 diabetes, see their blood pressure elevate, along with the progression of diabetic nephropathy, and develop hypertension. In type 2 diabetes patients, meanwhile, hypertension is often present as an existing condition. Even if blood pressure was initially normal, it often rises with the advancement of diabetic nephropathy, resulting in hypertension. In any event, if a diabetic patient develops hypertension as a complication, his or her progression of diabetic nephropathy is accelerated. In this sense, hypertension can be said to form a vicious cycle with the progression of diabetic nephropathy and declining renal function.
The Multiple Risk Factor Intervention Trial investigated the relationship between blood pressure and end-stage renal failure, although the ratio of diabetics it studied was only 1.5%. The trial found that the risk of developing end-stage renal failure, if an optimal blood pressure of <120/80 mmHg was used as the reference, increased by 1.9-fold if blood pressure was high-normal (130-139 mmHg/85-89 mmHg), by 3.1-fold in the case of mild hypertension (140-159 mmHg/90-99 mmHg), and by 11.2-fold in the case of severe hypertension [6] . Generally speaking, diabetic nephropathy is divided into the following five stages: normoalbuminuria, microalbuminuria, overt albuminuria, end-stage renal failure, and dialysis. The United Kingdom Prospective Diabetes Study (UKPDS) showed that, first, after a course of 10 years, 25% of patients developed microalbuminuria [7] . The study also described the annual rate of progression of various stages of diabetic nephropathy and showed that the rate was 2% from normoalbuminuria to microalbuminuria; 2.8% from microalbuminuria to overt albuminuria; and 2.3% from overt albuminuria to end-stage renal failure and renal replacement therapy, including dialysis. Thus, albuminuria is a marker for the progression of diabetic nephropathy. Many studies have also revealed albuminuria to be a predictor of cardiovascular disease [8] . The UKPDS similarly noted that, as albuminuria increased with each stage of diabetic nephropathy, the mortality rate from CVD markedly increased. In brief, the rate of all-cause deaths and cardiovascular death was 1.4% and 0.7%, respectively, during the normoalbuminuria stage; 3.0 and 2.0%, respectively, during the microalbuminuria stage; 4.6% and 3.5%, respectively, during the overt albuminuria stage; and 19.2% and 12.1%, respectively, during the end-stage renal failure and renal replacement therapy stage including dialysis. Although only 2.3% of patients advance from the overt albuminuria stage to the end-stage renal failure and renal replacement therapy stage, including dialysis, 19.2%, or~8.3 times greater than 2.3%, die mainly of CVD. Therefore, the phenomenon in which CVD increases markedly along with a decline in renal function is called the cardio-renal axis, and it is a growing focus of research attention.
In a study conducted in Japan on the prevention of the onset of vascular complications in diabetes and suppression of its progression (Japan Diabetes Complications Study: JDCS), we investigated the onset and progression of diabetic nephropathy (urinary albumin (Alb)/creatinine (Cr) exceeding 300 mg/g·Cr on two consecutive occasions), targeting 1,558 type 2 diabetics whose urinary Alb/Cr was either normal (< 30 mg/g·Cr) or low-microalbuminuria (30 to < 150 mg/g·Cr) [9] . The rate of onset of nephropathy up to 8 years later showed a low value of 6.67/1000 person years. Figure 1 reveals that the hazard ratio (HR) of developing nephropathy increases if the initial albuminuria was more than 30 mg/g Cr, if HbAlc was >7%, if systolic blood pressure (SBP) was higher than 120 mmHg, or if smoking could not be discontinued. Conversely, 30.3% of the 452 subjects in the low-microalbuminuria group at the time of registration saw their Alb/Cr ratio return to normal (remission) of <30 mg/g·Cr. These findings show that, even in Japanese people, who are a high-risk group for developing nephropathy, early diagnosis during the normoalbuminuria stage or the low-microalbuminuria stage and undergoing treatment using currently available methods in Japan can minimize the onset and progression of nephropathy.
Hypertension promotes the progression of diabetic retinopathy and neuropathy
Many researchers have studied the mechanism by which hyperglycemia promotes the progression of other diabetic microvascular disorders such as retinopathy and neuropathy. However, few have studied the mechanism by which hypertension aggravates these microvascular disorders.
The JDCS conducted in Japan mentioned earlier showed that the rate of new onset of retinopathy and its rate of worsening in Japan were 38.3 and 21.1 per 1000 person×-years, respectively [10] . The risk factors for developing retinopathy are duration of diabetes (HR of 1.26 with a 5-year morbidity period), BMI (HR of 1.05 for every additional 1 kg/m 2 ), SBP (HR of 1.09 for every additional 10 mm Hg), and HbA1c (HR of 1.36 for every additional 1%). Hypertension is clearly a risk factor for developing retinopathy. The UKPDS has reported that hypotensive treatment suppresses the onset and progression of retinopathy. The DIRECT Study that used candesartan, an ARB, is also well known. It examined candesartan's effects of reducing the rate of onset of retinopathy, and of suppressing its progression, in type 1 diabetic patients [11] . Candesartan Fig. 1 Kaplan-Meier curves for progression to overt nephropathy according to UACR (a), HbA1c levels (b), SBP (c), and smoking status (d). a The hazard ratio for the low microalbuminuric group (solid line was 8.45 (95% CI 4.97-14.38, p < 0.01) relative to the normoalbuminuric group (dotted line). b The hazard ratio of HbA1c for a range of 7-9% (solid line) and for ≥ 9% (dotted line) was 2.72 (95% CI 1.22-6.03, p < 0.01) and 5.81 (95% CI, 2.49-13.55, p < 0.01), respectively, relative to an HbA1c of < 7.0% (dashed-dotted line). c The hazard ratio for an SBP of 120-140 mmHg (solid line) or ≥ 140 mmHg (dotted line) was 2.31 (95% CI 0.96-5.54, p < 0.06) and 3.54 (95% CI 1.50-8.40, p < 0.01), respectively, relative to an SBP of < 120 mmHg (dashed-dotted line). d The hazard ratio for current smoking (solid line) was 1.99 (95% CI 1.24-3.18, p < 0.01) relative to past smoking or never smoked (dashed-dotted line). Reprinted with permission from Katayama et al. [9] suppressed the onset of retinopathy (HR 0.82, P = 0.0508) but did not slow its progression. Conversely, candesartan did not suppress the onset of retinopathy in type 2 diabetic patients, but it significantly improved retinopathy (HR 1.34, P = 0.0091) [12] .
The fact that hypertension is a risk factor for neuropathy was reported in the Epidemiology of Diabetes Complications (EDC) Study that observed, over a period of 6 years, 453 type 1 diabetic patients without neuropathy [13] . Hypertension was the greatest risk factor for the onset of neuropathy, followed by the duration of diabetes, hyperglycemia, height, and smoking. Although this was a small-scale trial, using 41 type 1 or type 2 diabetics, it reported that a 12-month administration of trandolapril, an ACE inhibitor, significantly improved electrophysiological data such as a reduction in F-wave latency [14] .
Influence of hypertension on macrovascular disorders
Diabetic patients develop CVD at 2-to 3-fold the rate observed in non-diabetics. Moreover, hypertension is one of the most significant risk factors for arteriosclerosis, and hypertension as a complication in diabetic patients further increases the frequency of developing CVD by 2-to 3-fold. Ultimately, compared to normotensive non-diabetics, the rate of onset of CVD is 5-7 times higher in diabetic patients with hypertension. Therefore, early discovery of arteriosclerosis in diabetic patients and the prevention of its progression are extremely important to extend the healthy lifespan of these patients. This appears to be because a reduction in the production of nitrogen oxide (NO) in the vascular endothelial cells and increased growth of vascular smooth muscle cells are triggered due to oxidative stress and inflammation based on hyperglycemia and hypertension, generation of advanced glycation end products, and increases in shear stress, etc. For details, please refer to another article in this Review Series.
It should be noted, however, that there are not necessarily many findings of actual investigations of arteriosclerotic lesions in diabetic patients. A study by McGill et al. [15] showed that HbA1c and obesity are related to arteriosclerotic lesions. Furthermore, the number of individuals with a history of smoking or exposure to four risk factors (BMI, SBP, hypertriglyceridemia and hyper-LDL-cholesterolemia) is correlated with the degree of either fatty streaks in the aorta or coronary artery, or fibrous plaques [16] . Rizzoni et al. [17] studied tissue images of arterioles with a diameter of 100-280 µm by dividing the subjects into four small groups of 10-15 subjects each (normotensive individuals, essential hypertensive patients, normotensive type 2 diabetic patients, and hypertensive type 2 diabetic patients) and collecting subcutaneous fat from their hips. Compared to normotensive individuals, all other groups had a higher media-to-lumen ratio, and patients with essential hypertension showed no changes in the vascular wall thickness. Although they showed remodeling that was accompanied by changes in the sequence of vascular smooth muscle cells (eutrophic remodeling), normotensive and hypertensive diabetic patients presented hypertrophic remodeling that was accompanied by an expansion of vascular wall thickness, along with a 40% and 46% increase in the number of vascular smooth muscle cells, respectively. Compared to the group of normotensive subjects, the collagen-to-elastin ratio had increased in the essential hypertension group and the diabetic hypertension group. Systolic overload may be said to have a greater impact on the increase in extracellular matrices. Hypertension is therefore the most important risk factor for arteriosclerosis in diabetics.
Methods of evaluating arteriosclerosis
As stated above, diabetic patients with hypertension often see their arteriosclerosis accelerated, and not only suffer microvascular disorders but also have arteriosclerotic lesions in major blood vessels such as the coronary artery and cerebral blood vessels. In initiating treatment, it is necessary to take the usual chest X-rays and ECG images, and, in addition, evaluate the degree of arteriosclerosis in greater detail.
Pulse wave velocity (PWV)
Aortic PWV and forearm vascular resistance calculated by forearm blood flow determined using plethysmography are used as clinical indicators of arteriosclerosis. Although PWV was used to measure the velocity at which a pulse wave propagates from the carotid artery to the femoral artery in the groin, a device has recently become widespread that measures, simply and quickly, the PWV of the brachial artery and the tibial artery of the foot (brachial-ankle pulse wave velocity, or baPWV), making it possible to measure the Ankle Brachial Index (ABI: the ratio between the blood pressure in the lower limb and the upper arm) simultaneously [18] . The results of a systemic review [19] showed that age and hypertension contributed the most significantly to PWV, at 91% and 90%, respectively. Conversely, diabetes contributed 52%. A systemic review and metaanalysis [20] that observed 15,877 people for an average of 7.7 years showed that compared to the low-PWV group, the high-PWV group had a 2.26-, 2.02-and 1.90-fold greater relative risk, respectively, of experiencing CVD events, CVD deaths, and all-cause deaths, and indicated that they were factors for predicting life prognosis.
Vascular endothelial function tests: blood flowdependent vasodilation (Flow Mediated Dilation, or FMD)
Methods regarded as the "gold standard" for evaluating the function of vascular endothelial cells include measuring (1) the vasodilation caused by NO that is generated from the vascular endothelium by invasively injecting acetylcholine inside the blood vessels, and (2) the vasodilation of the non-NO-dependent forearm resistance vessel when sodium nitroprusside, an NO donor, is injected. Clinically, researchers measured the forearm blood flow and flowmediated vasodilation (FMD) via plethysmography. A test method has recently become widespread in which FMD is used to measure the changes in the forearm arterial diameter between before and after reactive hyperemia (produced by forearm ischemia usually lasting 5 min), employing either the A-or B-mode ultrasonography [21] . As a method to test the vascular endothelial cell function even more simply and conveniently, EndoPAT is increasingly being used. Compared to healthy controls and essential hypertensives, diabetics show lower forearm blood flow, i.e., a higher vascular resistance, and lower FMD, i.e., a deteriorated endothelial function.
The vascular endothelial functions that have been measured using these techniques reportedly improve when hypotensive drugs such as ACE inhibitors and ARBs; oral hypoglycemics such as metformin, acarbose, miglitol and pioglitazone; insulin and glucagon-like peptide (GLP)-1 receptor agonists; or statins, are used. Some may be attributable to hypotensive and hypoglycemic actions. However, the direct mechanism of action is being investigated in some of these agents.
Other methods such as carotid ultrasonography and head and coronary imaging
It has become an increasingly common practice to check the size, properties and quantities of plaque lesions in the carotid artery via carotid ultrasonography, and/or measure the carotid artery's intimal and medial complex thickness (IMT) for use as quantitative indicators of arteriosclerosis. According to a series of studies by Kawamori et al. [22] , diabetic patients have significantly greater IMT than healthy subjects of the same age group. Moreover, a multiple regression analysis revealed that blood glucose control status, smoking, dyslipidemia and hypertension were the determinant factors of IMT. It has also been shown that IMT correlates with the degree and progression of coronary arterial diseases and can become a predictive factor for these conditions [23] ; thus, in this sense, IMT is an indicator of arteriosclerosis not only in the carotid arteries, but of the entire body.
Regardless, head CT and MRI are useful. In particular, rendering of the intracranial vessels with MRA makes it possible to observe the degree of intracerebral vascular stenosis. Coronary angiography is the "gold standard" for the diagnosis of coronary arterial disease. The safety and usefulness of coronary arterial CT are gradually being acknowledged as well.
The relationship between hyperglycemia and hypertension in diabetic patients
Hyperglycemia elevates blood pressure
The leading cause of hypertension in diabetic patients is the greater volume of exchangeable sodium in vivo due to hyperglycemia than that in non-diabetics. A study of type 1 diabetic patients found their volume of exchangeable sodium to be~2800-3000 mEq per 1.73 m 2 , which is approximately 10% higher than in non-diabetics, and that volume was significantly higher in patients presenting overt albuminuria than in patients presenting normoalbuminuria or microalbuminuria [24] . The study, however, reportedly found no differences between diabetics and non-diabetics in the volume of circulating plasma. Moreover, the volume of exchangeable sodium in diabetic patients was positively correlated with mean blood pressure. This is mainly believed to be due to boosted levels of sodium glucose cotransporter (SGLT) 2, increasing both the reabsorption of glucose and sodium (Na). The glomerular filtration rate (GFR) may increase, or, in other words, hyperfiltration may be manifested [25] . The renin-angiotensin (RA) system is not involved in the excess of body fluid volume such as this. In other words, most diabetics often show normal or slightly low values of plasma renin activity and aldosterone concentration [24] . Furthermore, their inactive renin in the blood shows a high value, and the conversion to the active type has declined [26] . Progress in molecular biology, however, is gradually accumulating new knowledge and findings, such as local intrarenal acceleration of tissue RA systems, the pathophysiological significance of prorenin and (pro)renin receptors, and the mechanism by which mineralocorticoid receptors are activated inside the kidneys due to high salt intake. For details, please refer to another article in this Review Series.
Diabetes is a salt-sensitive hypertension
Diabetic patients are believed to have salt-sensitive hypertension, with high glomerular blood pressure and a flatter pressure-diuresis curve. Hyperinsulinemia caused by insulin resistance is also involved in accelerating the reabsorption of sodium from the renal tubules [27] . Excessive salt intake inhibits nocturnal blood pressure reduction, or, in other words, nocturnal blood pressure is set higher than usual to excrete excess sodium, making the patient a non-dipper [28] . Many clinical results show the efficacy of salt reduction, even in patients with diabetes and those with reduced glucose tolerance, and reducing salt intake is reported to improve vascular endothelial cell functions and insulin resistance.
Blood pressure drops with improvement of hyperglycemia
It is well known that blood pressure drops with the improvement of hyperglycemia accompanying educational hospitalization and initiation of hypoglycemic drugs. Metformin and pioglitazone, which improve insulin resistance, are reported to have slight hypotensive actions. However, some recent hypoglycemic drugs possess hypotensive actions that surpass these drugs. With GLP-1 receptor agonists, daily administrations of 1.2-1.8 mg of liraglutide, for example, are reported to produce hypotensive actions of between 2.7 and 6.6 mmHg in SBP [29] . One report claims that DPP-4 inhibitors, which inhibit dipeptidyl peptidase (DPP)-4, show a degree of hypotensive action, although they are weaker than those of GLP-1 receptor agonists. The mechanism by which GLP-1 and GLP-1 receptor agonists lower blood pressure has not been completely elucidated, leaving room for discussion. However, it appears that in addition to the aforementioned vasodilating actions, these drugs directly inhibit natrium-hydrogen exchanger 3 (NHE3) in the proximal tubules, resulting in blocking the reabsorption not only of glucose but also of sodium, and work to promote natriuretic activity [30] . Since NHE3 is created by binding with DPP-4, if DPP-4 inhibitors work from the luminal side, NHE3 activity is inhibited, triggering natriuresis as a result [30] . Conversely, SGLT2 inhibitors inhibit the reabsorption of glucose in the proximal tubules and inhibit the reabsorption of sodium, triggering natriuresis as a result. Because of this, body weight decreases, and blood pressure drops. In a phase II or III clinical study conducted in Japan, a 16-to 24-week administration of these drugs reduced SBP by 2.6-5.6 mmHg and diastolic blood pressure (DBP) by 1.1-2.7 mmHg, as shown in Table 1 [31] . A meta-analysis performed in Europe and the US found that in 21 placebo-controlled studies, SBP had dropped by 3.77 mmHg (95% CI: -4.65 to -2.90), and in 16 studies, DBP had dropped by 1.75 mmHg (95% CI: -2.27 to -1.23) [32] . The results of the EMPA-REG BP study were recently published, in which empagliflozin had been administered for 12 weeks to 825 type 2 diabetic patients with hypertension [33] . The results showed that in the group given empagliflozin, daytime SBP fell to approximately 10 mmHg below that of the placebo group. Compared to the placebo group, the empagliflozin group showed a 3.44 mmHg lower 24-hour mean SBP after the administration of 10 mg/day, and a drop of 4.16 mmHg after the administration of 25 mg/day. The 24-hour mean DBP reduction level at the time was 1.36 and 1.72 mmHg, respectively. We still recall the surprising results of the EMPA-REG OUTCOME study that used empagliflozin [34] . This was a secondary prevention study in which 7028 type 2 diabetic patients with a history of CVD were given either a placebo or 10 mg/day of 25 mg/day of empagliflozin. They were then followed up for a period of 3.1 years (mean value). As shown in Table 2 , compared to the placebo group, the groups given empagliflozin saw their HR of primary endpoints (CVD-related deaths, non-fatal myocardial infarction, and non-fatal stroke) drop to 0.86 (P < 0.001 for noninferiority and P = 0.04 for superiority). Their HR of CVD-caused deaths, all-cause deaths and hospitalization due to heart failure also decreased to 0.62, 0.68, and 0.65, respectively. The frequency of myocardial infarction and cerebrovascular disorders in both groups did not show any significant differences, with mainly CVD-related deaths having decreased. The empagliflozin group began showing a clear reduction in CVD-related deaths approximately three months later; this was most likely not attributable to the improvement in conventional CVD risks. Although the exact mechanism is unknown, it was probable that empagliflozin had caused improvements in hemodynamics, such as a reduction in circulating plasma volume and a reduction in blood pressure. The other possibility of SGLT2 inhibitors might be the improvement in a disrupted circadian rhythm of blood pressure, which has been very recently reviewed by Rahman et al. [35] . An analysis on diabetic nephropathy in the EMPA-REG OUTCOME study [36] also found that, as shown in Table 2 , the empagliflozin group's HR in terms of new onset or worsening of nephropathy was 0.61. Moreover, eGFR, which had declined during empagliflozin administration, improved after the end of administration, indicating that even after long-term treatment, glomerular hemodynamics does indeed return to the initial level. In this study,~80% of the patients were using RA inhibitors; thus, empagliflozin clearly possesses renal protective actions, even when RA inhibitors are being administered. SGLT2 inhibitors increase the volume of sodium that reaches the distal renal tubules, and with the tubuloglomerular feedback mechanism mediated by the macula densa, it appears to constrict the afferent glomerular arterioles, reduce intraglomerular pressure, and normalize the glomerular filtration rate [37] . SGLT2 inhibitors have the potential to be a new strategy to treat nephropathy, particularly in diabetic patients with hyperfiltration. GLP-1 receptor agonists are drawing increasing research attention since reports suggest that they suppress CVD and curb the advancement of diabetic nephropathy [38, 39] .
Hypoglycemia and hypertension/arrhythmia
The Action to Control Cardiovascular Risk in Diabetes (ACCORD) Study compared strict blood glucose control and standard blood glucose control but was compelled to discontinue the study mid-way since the strict blood glucose control group showed high mortality rates. The reason for this may have been the large number of serious hypoglycemia cases in the strict blood glucose control group. With this result as a turning point, a patient-centered approach came to be emphasized, with elderly diabetics with a long disease history and CVD not necessarily being called on to undergo the same type of blood glucose control as their younger counterparts.
Because hypoglycemia activates the sympathetic nervous system, it has a variety of influences on the cardiovascular system. Of the 59,602 patients who had visited the emergency medicine department, Tsujimoto et al. [40] analyzed 414 individuals who had presented with severe hypoglycemia. He found that type 1 diabetics (n = 88) and type 2 diabetics (n = 326) had blood glucose levels of 32 and 31 mg/dL, respectively, showing no difference between the two groups. The ratio of severe hypertension (≥180/120 mmHg), hypokalemia (<3.5 mEq/L) and QT prolongation in terms of ECG was 19.8% vs. 38.8% (P = 0.001); 42.4% vs. 36.3%; and 50.0% vs. 59.9%, respectively. Incidentally, the blood pressure of type 1 and type 2 diabetics during their hospital visits was 140/76 and 168/80 mmHg, respectively. The level dropped 2 h after the start of hypoglycemic treatment to 134/70 and 140/69 mmHg, respectively. Furthermore, a detailed analysis was reported of 25 type 2 diabetics on insulin treatment who simultaneously underwent continuous glucose monitoring (CGM) and Holter ECG measurements [41] . The incidence of bradycardia and atrial/ventricular extrasystole was significantly higher in the nighttime hypoglycemic time zone of <35 mg/dL compared to normoglycemic time zones. QT prolongation and abnormal T-waves were also observed. Bradycardia observed during hypoglycemic time periods may be due to compensatory tension being applied to the parasympathetic nervous system, following activation of the sympathetic nervous system. It is clear, however, that arrhythmia also frequently occurs during asymptomatic hypoglycemic periods. Hypoglycemia's mortality rate is reported to be 10% and is also called the "dead-in-bed syndrome." Arrhythmia such as this that occurs during hypoglycemia is likely to be one reason for the increase in CVD deaths observed during strict blood glucose control. According to a recent systemic review and meta-analysis, the relative risk of CVD occurring during serious hypoglycemia is reported to be 2.05-fold [42] .
Moreover, if hypoglycemic patients are subjected to hyperglycemia, it appears to damage the vascular endothelial function and aggravate the oxidative stress and inflammation markers [43] . Hypertension and hypoglycemia are also known to reduce cognitive functions. In this sense, it is no exaggeration to say that "high-quality" diabetic treatment that does not induce hypoglycemia is being sought in diabetic patients, particularly in the growing population of elderly diabetic patients.
Influence of hypertension and hypotensive drugs on glucose metabolism and insulin resistance
Diabetic patients are liable to develop hypertension as a complication because essential hypertension has 42 million patients, and diabetes has 9.5 million patients, showing that they are common diseases that occur at an extremely high frequency and are liable to develop in combination. It is also true, however, that both diseases have common causes and genetic predispositions and that diabetics are liable to suffer from hypertension. I will leave the details to other articles in this Review Series, and discuss insulin resistance only, which is commonly observed in obese individuals and in patients with type 2 diabetes and hypertension.
Essential hypertension patients also have insulin resistance
Many patients who have diabetes and hypertension in combination often see hypertension develop prior to diabetes. Hypertensive patients develop diabetes approximately three times more frequently than normotensive individuals. From~1985, it became clear that many essential hypertensive patients have glucose metabolism abnormalities and insulin resistance, which is a disease condition common to both diabetes and obesity. Ferrannini et al. [44] used the hyperinsulinemic-euglycemic clamp technique and revealed that the insulin sensitivity index of young hypertensive patients had declined compared to controls. Conversely, hypertension develops at a high ratio in patients who suffer impaired glucose tolerance and who show insulin resistance. In a study in Finland, the authors found that if the blood glucose value one hour after a glucose tolerance test (GTT; loading 1 g of glucose per kilogram of body weight) was divided into tertiles, the odds ratio of the rate of onset of hypertension 18 years later for the second and third tertiles of blood glucose concentration was shown to be 1.71-fold [45] . In our study, we observed normotensive subjects who showed borderline types at 75 g GTT over several years and found that the higher the following values at the time of initial GTT, the higher the incidence of hypertension: fasting insulin (immunoreactive insulin, or IRI) level, total insulin values (∑ IRI) during GTT, and HOMA-R, which is an indicator of insulin resistance. Moreover, the HR between the uppermost part and the lowermost part, when the glucose level was divided into tertiles, came to be 5-to 10-fold in size [46] . It is clear that insulin resistance is also involved in the onset of hypertension in the Japanese population.
The impact of hypertension and hypotensive drugs on insulin resistance
Diabetes develops at higher ratios in hypertensive patients than in normotensive subjects, particularly in hypertensive patients who are undergoing treatment with diuretics and β-blockers. Conversely, when captopril, an ACE inhibitor, was administered to type 2 diabetic patients who were taking oral hypotensive drugs, they developed hypoglycemia. This finding, reported in the New England Journal of Medicine in the form of a Letter [47] , prompted a series of investigations into the influence of hypotensive drugs on insulin resistance. First, diuretics aggravate insulin resistance [48] . Researchers note that thiazide diuretics administered in high doses cause metabolic adverse reactions such as hypokalemia and hyperuricemia and also increase the risk of sudden death. In diabetic patients, therefore, it is important to use small doses of diuretics to minimize metabolic adverse reactions. Conversely, captopril, an ACE inhibitor, was verified to improve insulin resistance [48] . As one of the mechanisms by which captopril improves insulin resistance, we demonstrated that the drug increases blood flow in the forearm, which decreases postprandially [49] . Later, it was revealed that ARBs, long-acting calcium antagonists, and α 1 -blockers also improve insulin resistance and lower blood glucose levels. β-blockers sometimes aggravate insulin resistance and elevate blood glucose levels and blood levels of LDL cholesterol and triglycerides. However, vasodilative β-blockers improve insulin resistance. When using β-blockers, it is important to make it less liable for sympathetic nervous stimulation symptoms to appear in hypoglycemia (masking of hypoglycemia). Moreover, since the drugs suppress gluconeogenesis in the liver (prolongation of hypoglycemia), close attention must be paid to patients taking sulfonylurea and insulin.
Recently, it has become possible to investigate, in a large-scale intervention study of hypertension, the rate of new onset of diabetes when hypotensive drugs have been administered for several years to hypertensive patients who initially did not have diabetes. In a meta-analysis targeting over 140,000 subjects who were enrolled in 22 studies [50] , as shown in Fig. 2 , if diuretics were made the criterion, the rate of reduction in the new onset of diabetes was 43% with ARBs, 33% with ACE inhibitors, and 25% with calcium antagonists. This suggests that the performance of hypotensive drugs, which was examined for their short-term influence on insulin resistance, has been verified for longterm outcomes in the form of new onset of diabetes. Individuals who had newly developed diabetes after initiating hypotensive treatment are at a similar degree of risk of developing CVD as are individuals who already have diabetes [51] . Therefore, when providing hypotensive treatment to hypertensive patients, particularly those who are suffering from metabolic syndrome, it is extremely important to select hypotensive drugs that improve insulin resistance and suppress the new onset of diabetes.
Abnormal circadian blood pressure variations in diabetic patients
Office blood pressure and home BP When measuring blood pressure inside an examination room ("office BP"), we ask the subjects to take sufficient rest; then, while they are in a sitting position, we measure their blood pressure multiple times at 1-2 min intervals. We take an average of the two measurements that show the most stable values (measurement values showing a difference of <5 mmHg) and designate this as the blood pressure value. A diagnosis of hypertension, based on office BP, will be made, using blood pressure values taken at a minimum of two or more different occasions [52] .
Home BP ("home BP") is measured twice on each occasion, in principle. In the morning, blood pressure is measured within one hour of getting up, after urinating, before taking medication, and before breakfast, in a sitting position after resting for 1-2 min. At night, it is measured before going to bed, in a sitting position, after resting for 1-2 min. Home BP tends to be lower than office BP, so it should be used as a reference in examination and treatment. The benchmark value for diagnosing hypertension is 135/ 85 mmHg or greater as indicated by home BP. It has been reported that blood pressure that has been measured at home, on getting up in the morning, is more useful for the estimation of the onset of CVD and diabetic microangiopathy than blood pressure measured at the clinic [53, 54] . It is worth special note that with the accumulation of these results as the basis, the Japanese Society of Hypertension released new guidelines for diagnosing hypertension (JSH2014), which embody the major change that, if office BP differs from home BP, priority should be given to diagnoses based on home BP [52] . CI. An odds ratio to the left of the vertical line at unity denotes a protective effect (compared to the initial diuretic). Reprinted with permission from Eliot et al. [50] Morning hypertension and cardiovascular disease/ diabetic nephropathy Kamoi et al. [54] conducted a study with 170 type 2 diabetes patients and investigated the frequency of CVD and diabetic nephropathy (microalbuminuria or overt nephropathy) and retinopathy, based on the presence or absence of hypertension at the office (SBP ≥ 130 mmHg and/or DBP ≥ 85 mmHg), and the presence or absence of hypertension as indicated by home BP (SBP ≥ 130 mmHg and/or DBP ≥ 85 mmHg). Of the patients who showed hypertension at the office, 56.5% had morning hypertension as indicated by home BP, whereas 59.0% of the patients who had normal blood pressure at the office had morning hypertension as indicated by home BP. As shown in Fig. 3 , regardless of whether the office BP was hypertensive or normotensive, the group of subjects who showed morning hypertension in their home BP had a significantly higher frequency of developing microvascular complications such as nephropathy and retinopathy. The frequency of the development of cerebrovascular disorders was also significantly higher. As for heart disease, of the group of subjects who showed hypertension in their office BP, no significant differences were observed in the frequency of developing heart disease in relation to the presence or absence of morning hypertension (8% vs. 11%, respectively). However, of the group of subjects with normotensive office BP, those with morning hypertension had a significantly higher frequency of developing heart disease (35% vs. 0%, respectively). The Ibaraki Hypertension Assessment Trial (I-HAT) examined the home BP of 2,554 hypertensive patients including type 2 diabetes patients (20%) who were undergoing hypotensive therapy and found that as glucose tolerance gradually worsened, from normal, abnormal, and ultimately to diabetes, the subjects' early morning home BP became significantly higher, from 134.1 and 135.4 mmHg to 137.5 mmHg. Their frequency of morning hypertension ( > 135/ 85 mmHg) also rose significantly, from 53.4 and 55.6 to 66.4% [55] . Furthermore, despite undergoing treatment for hypertension,~60% of diabetic patients still manifested morning hypertension and eventually developed microangiopathy and cerebrovascular disorders.
Incidentally, Hypertension Objective Treatment Based on Measurement by Electrical Devices of Blood Pressure (HOMED-BP) is a large-scale intervention study conducted in Japan that attempted, practically for the first time in the world, to perform hypotensive treatment by using morning home BP as an index. Of the 3518 subjects who participated in this study, 15% were diabetic patients. The study's findings were recently published as part of a sub-analysis of an Impaired Glucose Metabolism (IGM) group that targeted glucose tolerance abnormalities and diabetes with fasting blood glucose of over 110 mg/dL or HbA1c of over 5.8% [56] . The cumulative rate of occurrence per 1000 person×years of composite cardiovascular endpoints was 4.88 in Normal Glucose Metabolism (NGM) patients versus 9.95 in IGM patients, or~2-fold (P = 0.0002). As shown in past reports, on comparing the predictive capabilities of endpoints by baseline and by blood pressure during hypotensive treatment, home BP was a better predictive factor than office BP. The risk of CVD showed an increasing tendency with an SBP of >125 mmHg; it was shown to increase significantly with a DBP of >75 mmHg. Even in an analysis using diabetics only, the risk of CVD was also shown to elevate significantly with an SBP of over 125 mmHg and a DBP of over 75 mmHg. Therefore, a blood pressure level of <125/75 mmHg is believed to be an appropriate hypotensive goal for home BP in diabetic patients. The fact that a home BP of 125/75 mmHg corresponds to an office BP of vs. patients with MH(-) P< 0. 01 Fig. 3 Prevalence of microvascular and macrovascular events in hypertensives (HT) and normotensives (NT) with or without morning hypertension (MH). Adapted with permission from Kamoi et al. [54] 130/80 mmHg is an outcome that supports the target office BP of less than 130/80 mmHg in diabetes patients.
Recently, the results were released of a sub-analysis of the "Home BP measurement with Olmesartan-Naive patients to Establish Standard Target blood pressure" (HONEST) Study that performed hypotensive treatment using olmesartan, an ARB, in diabetic patients (n = 4426) [57] . The incidence of cardiovascular events per 1000 person×years was 11.34 in the diabetic group, which was significantly higher than 5.20 in the non-diabetic group (n = 17,165). If the group of non-diabetics with a morning home BP of less than 125 mmHg was used as the criterion, the HR of cardiovascular events among the diabetic group tended to show a high value of 1.52-fold in a group of subjects whose morning home SBP was 125-135 mmHg. The HRs showed significantly higher values of 2.08-and 4.80-fold, respectively, in a group of subjects with SBP of over 135 and <145 mmHg, and in a group with SBP over 155 mmHg. In addition, if a group of non-diabetics with favorably controlled office and home BP levels was used as the criterion, the HR of CVD in the groups of diabetics with favorably controlled office BP and home BP (n = 1567 and n = 36.6%) was 1.42-fold, showing no significant differences. By contrast, the HRs of CVD in groups of patients with white coat hypertension (n = 411; 9.6%), masked hypertension (n = 1164; 27.2%), and poorly-controlled office and home BP levels (n = 1135; 26.5%) were significantly higher at 2.73-, 2.77-and 2.81-fold, respectively. Although this study is an observational investigation, similar to the HOMED-BP Study, it shows that a slight elevation in home BP can represent a risk for CVD in diabetic patients and may be an outcome that supports establishing the home SBP goal as below 135 mmHg, or, if possible, below 125 mmHg. Because the HR of cardiovascular events was also high in white coat hypertension and masked hypertension groups, the study can be said to once again indicate the importance of controlling not only office but also home BP levels.
Abnormalities in circadian blood pressure variations in 24-h ambulatory blood pressure monitoring (ABPM)
Nocturnal hypertension, non-dippers/cardiovascular diseases, and albuminuria Ambulatory Blood Pressure Monitoring (ABPM), which measures blood pressure under conditions of 24-h free, unrestricted movement, has made it possible to readily obtain a blood pressure profile covering a 24-h period outside the examination room, or, in other words, blood pressure information in selected time zones such as 24 h, daytime, nighttime, and early morning. The blood pressure of healthy individuals shows circadian variations, i.e., rising during the day because of physical and mental activities, and decreasing during the night while sleeping. It has become clear that diabetic patients show abnormalities in their blood pressure circadian variations, such as office hypertension ("white coat hypertension"), morning hypertension ("morning surge"), poor nighttime hypotension ("non-dippers"), blood pressure elevation ("risers"), and masked hypertension. Initial normotensive type 1 diabetic patients with microalbuminuria had higher 24-h and nocturnal SBP and DBP than healthy subjects [58] , and even normoalbuminuria patients had a high ratio of non-dippers in whom nocturnal blood pressure did not drop sufficiently [59] . It also became clear that, along with the progression from normoalbuminuria to microalbuminuria, a rise was observed in 24-h SBP and DBP and in nocturnal SBP and that a night-day ratio of higher than 0.9 was a factor for predicting the progression to microalbuminuria [60] . A study using type 2 diabetics also showed that these subjects had a higher nocturnal BP than healthy individuals, and regardless of their blood pressure being normal or high, they had a high ratio of non-dippers. Only recently has the definition of a non-dipper of "showing a nocturnal decrease in BP of <10% of daytime BP" become widespread. Fogari et al. [61] define it as a loss of nocturnal hypotensive action or a rise in nocturnal blood pressure and report that the frequency of non-dippers in type 2 diabetic patients is 30%, regardless of whether their blood pressure is normal or high, and that it occurs~5 times more frequently than in normal subjects. A recent Korean study named The Assessment of Blood Pressure Control and Target Organ Damage in Patients with Chronic Kidney Disease and Hypertension (APrODiTe) reported that the rate of nondippers defined as the night-day ratio of higher than 0.9 was 48.9% in diabetics with CKD stage 2 and 59.3% in diabetics with CKD stage 3-4 [62] . The rate of morning hypertension was also reported to be 22.7 and 23.4% in diabetics with CKD stage 2 and stage 3-4, respectively, which were higher than the rate in non-diabetics (9.5% and 16.1%, respectively). A rise in 24-h blood pressure and nocturnal blood pressure may be considered to be triggered, either as a cause of diabetic nephropathy, which is a microvascular disorder, and/or as a result of decreased renal function. If neuropathy, in particular the impairment of the autonomic nervous systems, occurs as a microvascular disorder in diabetes, normal circadian variation disappears. In other words, the difference between daytime and nighttime blood pressure narrows, and the nighttime excretion volume of albuminuria also increases [63] . These results appear to show that in diabetic patients, the balance between the sympathetic and parasympathetic systems is lost, and the tension of the sympathetic nervous system becomes relatively stronger during the night. Table 3 summarizes some of the major results of ABPM that were investigated in diabetic patients in relation to CVD. Nakano et al. [64] performed ABPM in type 2 diabetic patients and observed, over an average period of four years, a group possessing normal circadian blood pressure variations (n = 201) and a group in which the circadian variations had been reversed (individuals whose blood pressure was elevated at night: n = 87). The results showed 20 and 56 fatal and non-fatal CVD events, respectively, showing that CVD had occurred more frequently in a group whose circadian variations have reversed. This group, moreover, performed ABPM in 237 type 2 diabetic patients under the age of 60. The group with a 24-hour pulse pressure of ≥ 53.3 mmHg, rather than nocturnal blood pressure being high, reportedly had a significantly higher incidence of CVD events compared to the group with a 24-hour pulse pressure below that level (20.7% versus 4.1%) [65] . Eguchi et al. [66] performed ABPM in 1,268 type 2 diabetic patients, conducted a follow-up observation for an average of 50 months thereafter, and found that the higher the daytime SBP during arousal and nocturnal SBP during sleep, the higher the incidence of CVD. Regarding the pattern of circadian variations, no differences were observed in the incidence rate of CVD between dippers and nondippers. However, the risers, whose blood pressure rose during the night (nighttime SBP > 135 mmHg), reportedly showed a 2.5-fold higher incidence of CVD compared to the group whose nocturnal SBP was 120-135 mmHg. A study performed involving 1,178 elderly type 2 diabetic patients reported that office pulse rates and albuminuria were the best predictive factors for all-cause deaths and deaths due to CVD, but 24-hour pulse pressure and nocturnal SBP were also independent predictive factors [67] .
Masked hypertension
The International Database on Ambulatory blood pressure in relation to the Cardiovascular Outcomes (IDACO) Study, which analyzed the ambulatory blood pressure (ABP) of 9,692 subjects gathered from 11 countries [68] , revealed that diabetics (n = 229) had a higher frequency of masked hypertension than non-diabetics (n = 5,486) (29.3% vs. 18.8%, respectively). The HR of the risk of diabetic patients with untreated masked hypertension developing composite CVDs was 1.96 times higher than that of normotensive subjects, with the risk being comparable to that of Grade 1 hypertension (140-159/90-99 mmHg). By way of information, office BP was 129.2 ± 8.0/76.0 ± 7.3 mmHg, and average daytime blood pressure recorded using ABPM was 141.5 ± 9.1/83.7 ± 6.5 mmHg. Conversely, the risk of composite CVD of diabetic patients with masked hypertension undergoing treatment was equal to that of normotensive subjects. These findings suggest the need to measure Administration of hypotensive drugs before going to bed
Perhaps in relation to abnormal circadian blood pressure variations described above, it was reported that if one or more hypotensive drugs were administered to diabetic patients before going to bed, rather than all the hypotensive drugs being administered in the morning, the subjects' SBP during sleep dropped from 122.4 to 115.0 mmHg. The ratio of non-dippers also fell from 76.3 to 49.5%, and the hazard ratio of CVD dropped to 0.33 [69] . Since sympathetic nervous systems are blocked, in particular, if doxazosin, which is an α 1 -blocker, was administered before going to sleep, morning hypertension reportedly improved and albuminuria dropped [70] . It is therefore necessary to additionally incorporate chronobiological considerations in the treatment of hypertension. Please refer to the recent review about chronotherapy in patients with resistant hypertension, diabetes mellitus and chronic kidney disease by Hermida et al. [71] .
Orthostatic hypotension
Orthostatic hypotension (OH) is defined as a reduction in blood pressure of SBP ≥ 20 mmHg and DBP ≥ 10 mmHg that occurs within three minutes of adopting a standing position. In an ACCORD blood pressure study, a post hoc analysis was made on the frequency of OH and prognosis of CVD [72] . The frequency of OH, examined at the start, one year later and four years later, was 17.8%, 10.4%, and 12.8%, respectively, and 20% of the patients had manifested OH at least once. Diabetic patients with OH had a significantly higher (1.61-fold) HR of all-cause death and death/hospitalization due to heart failure (1.85-fold higher). Some diabetics manifest OH along with the progression of diabetic neuropathy, so it is necessary to also measure blood pressure in the recumbent and standing positions.
Strict blood pressure and glucose control inducing minimal fluctuations
Strict blood pressure and glucose control
Strict blood pressure and glucose control is necessary in hypertensive diabetic patients. In the ADVANCE Study [73] , 11,140 type 2 diabetic patients were randomly allocated, with respect to blood glucose, to a standard treatment group using a placebo or a strict control group (HbA1c ≤ 6.5%) using a combination of gliclazide MR (30-120 mg/day) and one other drug; with respect to blood pressure, they were allocated to a conventional control group using a placebo or a routine control group using a fixed-dose combination of perindopril and indapamide (2 mg and 0.625 mg/day). Compared to the standard treatment group, HbA1c dropped by 0.61% in the strict control group, whereas blood pressure fell 7.1/2.9 mmHg in the group given a fixed-dose combination therapy after an average of 4.3 years. Combination treatments reduced the risk of new onset or aggravation of nephropathy by 33% and all-cause deaths by 18% compared to no intervention. The efficacy of strict blood glucose control and routine blood pressure control was mutually independent: in other words, their efficacy was additive in nature.
Blood pressure and glucose control resulting in small variations
The significance of Visit-to-Visit Variability of blood pressure (VVV) still leaves room for discussion, unlike the clinical significance of nocturnal blood pressure and morning hypertension. It has been revealed, however, that the wider the blood pressure's VVV, the closer it is related to CVD and microvascular disorders [74] . Conversely, it has also been revealed that the greater the VVV of blood glucose levels represented in terms of the HbA1c at the time of hospital visit, the higher the incidence of all-cause deaths and CVD [75] . A recent retrospective survey of 632 type 2 diabetic patients with no past history of CVD [76] showed that groups whose blood pressure VVV and blood glucose VVV were larger than their respective mean values presented a higher incidence of CVD than the three other groups (HR: 3.08-fold). The survey concluded that the risk of blood pressure VVV and the risk of blood glucose VVV were additive in nature.
Blood pressure and blood glucose controls that last a lifetime
The UKPDS that used newly diagnosed type 2 diabetic patients found that strict blood pressure control was as effective as blood glucose control. Strict blood glucose control that was implemented simultaneously did not decrease the incidence of CVD as much as did blood pressure control. However, if strict blood glucose control is implemented during the study period, its effects are reported to last for an extended period, even if standard treatment is later initiated. This is called the "legacy effect," and it is attracting research attention [77] . Unfortunately, the effects of strict blood pressure control to reduce the incidence of microangiopathy and macrovascular disorders fade with time after changing to a standard treatment [78] . Recently, an observational study followed up all the patients in the ADVANCE Study who had survived for an additional 5.9 years. Its results were published as an ADVANCE-ON Study [79] . The effects of reducing allcause deaths by hypotensive therapy, which had been noted in the ADVANCE study, had attenuated in an analysis of the total follow-up period (mean: 9.9 years). However, the HR of all-cause deaths and main major vascular events in the hypotensive treatment group, compared to the placebo group, had maintained a significant difference of 0.91 and 0.92, respectively: "the carry-forward effect." The UKPDS reduced the patients' BP level to 144/82 mmHg as a result of strict blood pressure control and mainly used ACE inhibitors and β-blockers as hypotensive agents. Conversely, ADVANCE used ACE inhibitors and diuretics, in addition to β-blockers, ARBs and CCBs in combination, and, as a result, had reduced the BP level to close to 135/75 mmHg. In other words, we can say that "the quality of hypotension" differs between the two. Strict blood pressure control should be continued throughout the patient's lifetime.
Conclusion
This paper summarizes the characteristics of hypertension in diabetic patients. Hypertension as a complication further aggravates microvascular disorders such as diabetic nephropathy and retinopathy, causes arteriosclerosis to advance at an earlier stage, and progressively increases the frequency of developing CVD. As a treatment for hypertension, physicians must select a hypotensive drug that improves insulin resistance and a type of treatment that also takes morning and nighttime hypertension into consideration. It has also been revealed that both hypertension and arrhythmia, including QT prolongation, are induced during hypoglycemic periods. With the onset of an aging society, there is a growing need for treatments that do not cause excessive blood pressure reduction or hypoglycemia. Favorable blood pressure and glucose control throughout a patient's lifetime are increasingly understood for the treatment of diabetes accompanied by hypertension.
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